Background: Approximately 50% of all youth-onset type 2 diabetes mellitus (T2DM) in Canada occurs in Indigenous children. In adults, cardiovascular disease is one of the leading causes of mortality in First Nations communities, and diabetes is a significant contributor to the risk of developing this disorder. The early onset of diabetes may predispose these children to premature cardiovascular disease and influence their longevity and quality of life. As a result, the implementation of culturally tailored obesity and T2DM primary prevention programs is vital. This systematic review aims to assess the effectiveness of existing traditional knowledge-based lifestyle intervention programs on preventing obesity and T2DM in Indigenous children in Canada. Methods: We will conduct database searches in MEDLINE, Embase, PsycINFO, SPORTDiscus, CINAHL, Web of Science, Cochrane Database of Systematic Reviews, and the Cochrane Controlled Register of Trials. We will also conduct grey literature searches of central repository of trials (ClinicalTrials.gov), ProQuest Dissertations, Theses A&I, and Indigenous studies portal research tools. Reviewers will independently review titles, abstracts, and full-text articles retrieved from databases to assess potentially eligible studies, and relevant articles will be assessed for risk of bias and quality. The primary outcomes include the change in body mass index z-scores or a diagnosis of diabetes. The secondary outcomes include the change in measures of adiposity as well as lifestyle and metabolic profiles. A meta-analysis will be performed if two or more studies have used similar study designs, comparable intervention techniques , similar populations and measured similar outcomes. Discussion: This review will provide a summary of current interventions to prevent obesity and T2DM in Indigenous children in Canada and help determine the gaps in the literature so that interventions can be developed to control the surge in pediatric T2DM in Indigenous communities. Systematic review registration: PROSPERO CRD42017072781
Background
The rates of pediatric obesity and type 2 diabetes mellitus (T2DM) are rising in Indigenous communities in North America [1, 2] . Indigenous children in Canada have one of the highest rates of pediatric T2DM in the world [3, 4, 5] and constitute approximately 50% of new onset T2DM cases with intergenerational effects including antenatal exposure to maternal obesity and diabetes programming some of this risk [2, 4] . The increase in T2DM is mainly driven by obesity [6] , which manifests early in life and rises with aging in these communities. As preschoolers, 11% of Indigenous children in North America are overweight, and these rates increase rapidly to 40% in the 9-13 year age group [7, 8] . There are several drivers of diabetes and obesity epidemics in Indigenous communities, including historical and social factors related to the legacy of colonialism, cultural suppression, and systemic poverty [3, 11, 12] . These factors interact with genetic and environmental elements that may further augment the rise in T2DM prevalence over the past few decades [9] [10] [11] [12] .T2DM contributes to adverse outcomes including premature mortality and comorbidities including nephropathy, neuropathy, and retinopathy along with cardiovascular diseases in Indigenous communities [1] . While it is imperative to prevent or delay the onset of T2DM and its comorbidities, incorporation of traditional knowledge into the design, deployment, and evaluation phases of interventions in communities will likely maximize success and improve buy-in.
Traditional knowledge is a system of information, skills, experiences, and beliefs that is assembled over time and is passed on from one generation to the next, thus becoming part of that community's identity. Traditional interventions that may have an impact on obesity and diabetes may encompass different components such as dancing, hunting, ceremonies, storytelling, food harvesting and storage, and teachings in an attempt to address the physical, mental, emotional, and spiritual domains of health [13] . This systematic review aims to assess the effectiveness of traditional knowledge-based lifestyle interventions in preventing obesity and T2DM in Indigenous children in Canada.
Research question
In Indigenous children in Canada, are traditional knowledge-specific lifestyle interventions effective in preventing obesity and T2DM?
Outcomes Primary For obesity, we will assess the change in body mass index (BMI) z-score before and after the intervention. The development of diabetes will be measured based on a fasting blood glucose level of ≥ 7.0 mmol/L or a random blood glucose or blood glucose taken 2 h post-oral glucose tolerance test of ≥ 11.1 mmol/L [14] .
Secondary
We will report on changes in total adiposity (defined as fat mass percentage) and central adiposity defined by measuring waist circumference, waist-to-hip ratio, and waist-toheight ratio. We will also include changes in diet and physical activity, as well as metabolic profile changes including lipids, Hemoglobin A1c, glucose, and insulin levels.
Methods
The methods used in this protocol paper are reported in accordance with the statement for the Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols (PRISMA-P) [15] (Additional file 1).
Literature search
We will collaborate with a senior Health Sciences Librarian to develop the search strategy. We will conduct database searches in MEDLINE, Embase, Web of Science, Cochrane Controlled Register of Trials (CENTRAL), PsycINFO, SPORTDiscus, CINAHL, and the Cochrane Database of Systematic Reviews (DSR). A sample search strategy for MEDLINE is reported in Table 1 .
A search strategy will also be developed to search grey literature databases including ClinicalTrials.gov and ProQuest Dissertations and Theses A&I. In addition, the interdisciplinary Indigenous studies portal research tool (iPortal), a collection of articles, books, theses, and other documents, focusing primarily on research about Indigenous communities in Canada, will also be included in the search [16] . The searches will be updated closer to completion of the systematic review to ensure all relevant evidence is collected.
All relevant articles identified during full-text screening will have their reference lists searched to determine if there are any cited relevant studies. Endnote X8 [17] will be used to combine all studies retrieved from the databases. We will export these files into an Excel spreadsheet and remove duplicates. The remaining titles, abstracts, and full texts will be screened for relevance. The reviewers will record all decisions regarding eligibility in the spreadsheet.
Study selection and eligibility criteria
This systematic review will be completed by three teams of two independent reviewers who will be responsible for screening the titles, abstracts, and full texts of the articles. At each stage, reviewers are required to make independent decisions regarding the relevance of the article to the research question and inclusion criteria. The team will come to a consensus regarding the inclusion or exclusion of articles at each stage through discussions. If there are disagreements that were not resolved through discussions, the final decision will be made by a third reviewer. Each team will also perform risk of bias and quality assessments on the abstracted articles. This systematic review will include studies of boys and girls, less than 18 years of age, and who are of First Nations, Inuit, and Métis descent. Only Indigenous children in Canada will be included, and we will not exclude studies based on language, setting, or timeline of publication. We will exclude children with a current diagnosis of T2DM, as this review aims to assess prevention studies.
In studies that include children of other ethnicities, we will abstract relevant data exclusively related to Indigenous children and will contact the Principal Investigators to obtain the data if they were not reported separately. If there is a control group of Indigenous children who did not receive the intervention, we will include their data as well. For studies involving community-based interventions, we will include data specific to the pediatric sub-population taking part in the study and will contact the Principal Investigators if data for children are not reported separately.
We will include primary research of randomized controlled trials, non-randomized trials, and uncontrolled before-and-after study designs [18] . Such primary research articles must include the assessment of the effectiveness of traditional knowledge-based lifestyle interventions using the primary and secondary outcomes noted above. A flow diagram will be used to document the screening process [19, 20] (Fig. 1) . 
Data collection
The information from the articles will be entered into a data abstraction form specifically created for this systematic review. Different sections will document study details including title, first author, publication year, journal name, setting (academic, hospital, community, other), the University or Institutional affiliation, primary and secondary outcomes, inclusion/ exclusion criteria, study design/duration, details of the implemented methods for intervention, and sample size at the start and the end of the intervention. We will also collect data on the age, sex, and community group designation.
We will also include data regarding the Nation/Reserve, province/territory, number of participants in the control group if applicable, description of the home, community and general environment if reported, any experience of discrimination, bullying, trauma or co-morbid psychiatric disorders, baseline BMI z-score and percentile, adiposity measures including fat mass percentage reported by using Dual Energy X-Ray Absorptiometry or bioelectrical impedance. In addition, central adiposity clinical measures will be collected if available including waist circumference, waist-to-hip ratio, and waist-to-height ratio. We will also collect data on lifestyle changes including diet and physical activity Fig. 1 Article screening process flow chart profiles, and any alteration in metabolic profiles including blood glucose, plasma insulin, Hemoglobin A1c, and lipid profile including total cholesterol, high-density lipoprotein, low-density lipoprotein, and triglycerides. We will also gather data on family history of obesity and diabetes and the presence of other medical conditions.
Risk of bias and quality assessment
Several tools will be used to assess the risk of bias depending on the study design. For randomized controlled trials, the Risk of Bias Assessment Tool developed by the Cochrane Collaboration will be used which will report the study as having either a low, high, or unclear risk of bias [21] . Using this tool, studies will be assessed across six domains including sequence generation, allocation concealment, blinding, incomplete data, selective reporting outcomes, and other sources that may increase the potential risk of bias. For non-randomized studies, the Risk of Bias in Non-Randomized Studies-I (ROBINS-I) tool will be used to assess the risk of bias over three domains [22] . The first domain evaluates risk of bias before the intervention takes place and specifically determines bias introduced by confounding factors and participant selection. For this particular review, confounding factors may include age at which intervention took place, sex, family history of diabetes, adiposity, Nation/Reserve, geographic location, community characteristics, and metabolic comorbidities. The second domain of this tool assesses the risk of bias as the intervention is taking place and evaluates the bias introduced due to a misclassification of intervention type. The final domain determines the risk of bias introduced after the intervention takes place. Biases may include missing data, methods of outcome measurements, selective data reporting, and any discrepancy between the proposed and implemented interventions.
Another tool used to assess the risk of bias of studies involving a before-and-after intervention design is a checklist developed by the University of Alberta Evidence-Based Practice Centre (UAEPC) [23] . This tool evaluates the risk of bias introduced by incomplete data, selection bias, and methods of outcome measurement. All studies will have their risk of bias assessed by two independent reviewers who will discuss and come to a consensus, with a third reviewer to be involved to arbitrate disagreements.
The Grading of Recommendations, Assessment, Development and Evaluation (GRADE) guidelines will be utilized to assess the quality of the reported evidence from the research articles included in the review [24] . This tool determines the quality of evidence based on the risk of bias, inconsistency, indirectness, imprecision and publication bias. This information will be combined into tables using the GRADEpro software and confidence in the ovall evidence base will be reported as high, moderate, low, or very low [25] .
Statistical analysis
A meta-analysis will be completed if two or more studies with similar study design, methods, populations and would have assessed similar outcomes are identified. When dichotomous outcomes occur, they will be reported as an odds ratio. Continuous outcomes will be stated as the difference in means and 95% confidence intervals.
To quantify heterogeneity, we will use the chi squared (χ 2 ) test and inconsistency index (I 2 ) and the Cochrane Collaboration threshold will be used for analysis, with p-value of <0.1 and I 2 of 75% being indicative of heterogeneity [26] .
We will conduct a sensitivity analysis if more than ten studies measuring similar outcomes are available. This process will involve the comparison of separately run meta-analyses with one involving the exclusion of studies that may confound the meta-analysis, including those with high risk of bias and small sample size; the other analysis will involve all relevant studies without the exclusion of data. If more than ten studies assessing an outcome are available, publication bias will be evaluated using a funnel plot and Egger's Test to assess plot asymmetry [27] . Review Manager software version 5.3 [28] will be used for the meta-analysis, in conjunction with Statistical Package for the Social Sciences (SPSS) version 25.0 to conduct Egger's Test [29] .
If a meta-analysis is not possible for the given set of primary research studies, a narrative summary of the data will be reported in addition to data tabulation.
This systematic review will be reported according to guidelines provided by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [19, 20] , and any amendments to the protocol will be documented and addressed in the review.
Discussion
With the rising prevalence of obesity and T2DM in Indigenous children in Canada, it is critical that effective interventions are implemented to avert premature adverse cardiometabolic outcomes and diabetes-related complications [1] . Defining and generalizing the implementation of currently available interventions to prevent obesity and T2DM will likely improve outcomes and reduce healthcare costs. If no current interventions are identified to address these two diseases, then the situation requires designing, implementing, and evaluating novel methods to tackle diabetes and obesity in Indigenous communities. If, on the other hand, traditional knowledge-based interventions were found to be successful at preventing obesity and/or diabetes, then urgent investment in the implementation of these interventions is warranted.
One of the strengths of this systematic review is that the team has specific and blended expertise, with a clinician with research methods knowledge (MCS), statistical and methodological expertise (LT), and a Senior Health Sciences Librarian (LB) involved in the design of the search strategy. In addition, the work of student researchers on Indigenous health projects (RC, DS, KWW, MY, AN, AR) will help the development of valuable experience in systematic review methodology and Indigenous health studies.
One of the limitations that may confound the results obtained in this systematic review is the inclusion of Indigenous populations residing only in Canada, although we recognize that colonial-imposed borders do not necessarily limit the mobility of the Indigenous populations across different territories [30] . While this is a potential limitation, the data will have a significant impact on defining the existence of interventions to prevent obesity and T2DM in Indigenous children in Canada, and these results may be generalized to communities across North America.
This systematic review will provide critical insights into the effectiveness of prevention through intervention to limit obesity and T2DM, will help identify gaps in the literature, and pave the way for future research to design implement programs in an attempt to halt these epidemics in Indigenous communities.
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